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Measurement of the B+ and B’ Lifetimes 

The CDF Collaboration 

Abstract 

‘I710 lifcctilws of 111~ /I+ dlld /I” IIB~W l1cc11 lllWS111.Pd usiw& a sxlllplc of fully 

recolrstrucli~rl II dec;rys. I!Sill& ) - I!), 000 .J/$l - /L+/L- drays recorded with the 

C~ollidcr l)cLwlor at l~iw~~ilal~, iZf IO cllwgc,d a,ll(l 6 I *Q neutra,l n mesoils lla,ve 

IIecll rcYolist~ruct.(x iI/ Ihc CCl)F sili(.wl vc’rlfx tlclwk~~~. l.l~il~i~~ned lilielil~ood fit,s 

to Llle l)rojwr lifclilrw dis( ril)liliotls uf l~licse It III~O~LS give 

Tf = I.03 f 0.2i (st,;it,) i U.l(j (sys) 1)s 

TU = I .i4 i (I.22 (stat) i 0. IO (“,yS) ,E 

G/T” = 1.m i (I.20 (st;i,t) i 0.12 (sys) 

Submitted International Symposium on Lepton and Photon Interactions, 
Cornell University, Ithaca, NY, AugustllO-15, 1993 



III tlw pi51 two ymrs. prwisioll III(,;IS~II’~I~~I(~‘II~S ui’ 111~ avcragr: II-LIavorcd hatlro~~ 

lifetime lm\;c I~WII ~w1~1’01~11wd [I, 21. ‘I’lir rasull.~ 01’ Ilii,s(, ~l~rils~~~‘e~llelit’i call Ix used 

to calculate tllc C~~~l~il~I~o-I~ol,ir~~a~l~i-h2i~sliac~~a~ Illal,ris ~&lrrrl~~t ll<bl within the cow 

test ol a ~notlc~l of 11 II~CSOII decay [:I], ‘rhc sirrlplvst such approach is tile speclal~or 
model, which predicts that, tllr cltarged md ~~cui;ral 13 rwsor~ lit;tt~i~~ws sl~ould be 

equal. Altl~ougll deviatimn L’rom the sp~t,a~l~or Illode acre large in the clmrm sec- 

tor, they are c.xpect~cd t.0 be Illucl~l sma~ller for I,-lla,droll decays. Ca~lcuhtions of the 

lifetilue Ai0 tha,t include nail-spectator diagran~s ptwlicl 7+/r” to be equal t,o 1.0 

within 10.20% [a]. 

Measu~rr~r~e~~l,s of the lifrl~i~~lci of t,li(T II+ and U” have lh11 matlc at PI?1 md LEP 

nsing putidly wumstruct~c~l clcc~~ys cullta,illitlg a Iq)t~oll alltl a Do or lI** [5]. Indirect 

mea.suremcnts Ilaw also IWCI~ IIE& by CLl3I ail(l r\R(:IUS. usilig the mtio of the U+ 

mtl B” semilcpl,otlic brilllcllillg ra,tios [6]. \\/tr pr”““n1 Ilc~w a rrleasurerrlerll. or the Bf 

a.ntl B” lifetirllcs usit~g fully rccot~st.rr~c~~ctl tl~cays of 1.1~ form B -+ UK, where Q 

reprcse~~~.s a J/,+ 01' I/(",') iluld K wl)wwnts a. I\’ f. /;,;: /<‘(S!)L’)” 01’ fi-(sYs2)*, The 

dab used ill tllis ala,lysii wwe wcord~~l by l.lie (!ollitl~~~r I)ctcctor a,1 Fimnilal~ (CDF) 

during t,hc finl. Ilillf 01’ t,l~(’ IW!-l!N3 ‘l’c:\~ac,t~u~~ 1.1111. rl’ll? datil salllple correspollds 

to hn inkgrated lulllitwsil,y of - I I [)I)-’ of pp collisions at it cetalkr-of-n~mss energy 

of 1.S ‘l’cV. ‘lil~r~~uglw~~l~ lllis Impvr. r~~l;~cv~u:s I,0 a spc’cific chge shltc, i111ply the 

clla,~g(,-~otljug;~,t,c shl C’ iw \w I. 

‘I%(~ C!Dl, d~l.~~tor lli~i IXYII (lm<.l.il)(xl iit (lvii~lil ~:Is(~ii.I~~w [T], ‘1’11~ tl&:ctor sys- 

tems uwd for lllis iitlalvsis a.(’ l.lIC, Sili(.OIl vlTlc’ <l<~l~~<~loI~ (s\;.x): LlI<, c.elIt.ral tlxcliillg 

clla.I~ll~t!r (c’r’c) il~lld t.i I(’ 1111,011 syst.c~lll. ‘I‘lw S\:S ~IIICI (.!‘I’(.’ are locatctl iIt a, 1.4 T 

soleuoidal Inigl~(~lic ficl(l. ‘l’lle S\‘S wlisisbs of ,I Iny~ of siliwrl-sl,rip tlct~eclors \vil.ll 

r-4 rexlout, iI~lcllitlilig pulw Ilciglll, i~~forrllilt.ioli [S], ‘I’h> pilcll twt,wwl ~~cwlout strips 

is 60 p*n mtl a, spatial wsol~~l~iot~ of 1:3 J,III 1~3s IXTII olbta,irlcd. ‘The first I~llc~a,surelll~,rlt 

plane is locnted L. ) 9 C:III 1’roir1 t.lw illl.vr;rctiorl [mitlt, Ica,tlirlg t,o a,11 impat pi~~ra~rnet.er 

resolulion of - I.5 ,,m I’m l.i.aclis with 1’7’ > 5 Ge\‘/c. ‘I’lw WC is a cylindrical drift 

cl~anlx~r containing S4 I;i~yws, which ilre grou~,c~l iilk) allrrrmt~ing axial a~cl stereo 

super~la~ye13 colllhitlillg I‘L ;III(I 6 layws 1~~3~wctiv~:ly. ‘I’ll<? CTC has a, resolutioII of 

l$Pr/j’.,. = [(o.ooll~‘.,.)~+(o.oo~i~i)‘]i’I. ‘I 01 )~‘<,I11 (.01151~1~i1illd t~l.i)~cliJ, wl1m: ,I?‘ is t11c ,I,<>- 

lrlelltulll ti’t~ll’\‘(~‘l’Sc Iu l,lw IXWII diw~..l,ioiI (Ilwas~~rul ill GeV/c). ?‘IIc~ ceiltral *nuo~l 

system collsists or lll1.W d~~ll~(.l,or <~l<‘III(!III~S. ‘I’II~: GIIl ral hluo11 C!llanltms (CMIT), 

located bclliutl - ‘, ;rlxwq~lioll Irllgl IIs of nla~lcl~iill. provide mu011 itlvill,ilic;ltion ovc~ 

%I’% of $ 1~ tllr 1)5~~~l(l~)l.il~)iilil~ ~‘il~p,~’ /I/I 5 0.6. WIIC,W ~1 = - III[~.~II(U/~)]. ‘I’llis 

‘7 region is fu1~1~1wr illsll.illll~~llti’tI I)? 111~ (~~~t~l.rii~l .\IUOII I~l~gl-a,tl~: (CMI’), locat,cd ai- 

ter - 8 al,soI~plioll Iwgl~lls. ‘I’llc wail ri~tl III~IO~ mi(ylsioil ((“MS), \I.hi(.li cow3s the 

1)s’~lltlo~a,pitlit,~ rirllg~ 0.6 < If)/ < 1.0. pro\.idei ~II\IOI~ idrtlt~ificatioll 05w 67% of t,lle 

a~zimllt~lr alid is loc~;~l.c~l lx’liilid - 6 ;~~soI~~~~~~cIII Ic~igll~s. 

CDF uses il, LIII~cPI~~\Y~I I l.iggvr sysli~i~~. iIt l,P\Y’l I ( two-rlirIoli Cil~lltlida~tes a.rc 

selWxxl will1 a t,riggt>r I,l~al r(qArc’i 111~1 1~nw1~w I,( 2 c-l~;~~~~gcd tracks i11 111~1 cFlitrii,l 

*niw*l systcw~. ‘l’h ~llicirt~(.~. lur fiilllill.< 2 IIIIIOII ai, l,(,wi I Gws flow .WX; ~1.1 pT = 1,s 

&V/c to 90% 1’01. 1~1. = 1l.S Gc\~/c. .I[. I,(‘\wI 2, tlk<J dilllllorl trigger rq~iiles tha,t, il,t 

least OllP Oi’ l.lI(! 11111011 tl.a~i~liS liln~tc.ll il CllargcCl t,ra,c:li ill 1.lICs (!‘1’(1. l’llis <:‘I’(: track is 

found by a CelltI~a~l rast. ‘I’lxCli ,>rowss<,I’ (CI:‘I’) [‘I]. ‘l>l I(’ dlicienry to iilld a track ill 



the CI:‘l rises 1’ro111 50% al 2.7 Ck:\~‘/c t,o YOSN 1;~ /PI’ = 3.4 &V/c. At Lewd 3, the 

trigger (wllich is ~III~~I~III~!II~,c~I msillg online track wco~rs~~ruclion sol’twa~re) sclwts J/o 
ca~nclitlates by rcctuirilrg the pm:sm~c~: 01’ I,wo oppuitcly ~~l~irrg~cl mu0115 wit,11 illvaria~nt 

mass 13etwecYl 2,s illltl :1:1 Gc\‘/c’ [IO]. 

‘To reduce 1110 IkI;grountl ill the sainpk ol~lai~wti will1 this kigger, 11~ Ibllowillg 

mum selcctiotl (:ut,s wvw iq~plicd: I) ‘I’hc diskulw l~i~lww~ the tra,cl; ii1 Ilic, III~OII 

chrnl~er ant1 1,110 ~~slri~~pola~tetl CTC t,l.xlc ~va,s ca~lcula.l~d ill t,he trmsverw p1a11~~. The 

difference was wquiwd to lbc less tllall :j.O sla~~ltla~rtl tleviatiolrs (cr) from zwo, wliew CI 

is ca~lculatecl as tlw qu~lra~tic sum of th(: luult,iplc scalkriug a~nd ~no~sut,et~~rt~t, C~OL’S. 

For muons in 11~1~ C!ML:, wh~~w z posit,ion idorlllatiou is availahlr, t.lle :3u rna,tc,hillg 

requimncnt is i~iatk: ill tlw Io~igilutlit~al view as wll. 2) The energy tlcpusitcxl ill 

the lmtlronic c~~lorii~~~~l.c~~~ by 0id1 muon wia quid to lx g~~~ate~~ t,hnn 0.1 CkV, 

correspotltiillg to tllv pws~~~~~cc~~ 01 a ~IIJIII~I~III 101lur1g tr;lc ,_ 1, :3) ‘rlw recoustlYlcted p* 

of at least 0~ 01’ ll1c ~nuon triwlis wa wquiwd to Ix! > 2.5 CkV/c. 

Figure I ~110~s Ihc itrv;il~ialll III~ISS disl,ril~ut,ioll ibl, opposildy cliargc~l tlimuoll 

ca,ntlitlat.c3 ol)l~iGtl(d wit,l l~l~vs(: cuts ~IIICI wit11 1.11~ atltlitiolliil I’ll(:tuit.crlll~lit, t,ha,t hot11 

mums 1:~ r[~c.o~~sl,i,r~c.t,~tl in the S\‘X. ‘I11 I(‘ ill\wiil~llt~ rr,i,ss IKW I1a,s hcen calculatc!tl 

a~ft~w colisl,r;riiIilig 1,111. t,\w Iraclis to co~nv (‘1~0111 2 ~0~~~~1~~0~~ poil~l. ii1 slmc’c (“\:wtc~ 

const.rail~Lt”). ‘l’h(’ aI’I’“\Ks, plil(~(‘d &SO R,I<!V/C’ 1’. 10111 t.11<* worltl average Idue of the 

J/q: LLMSS, illtlica,t,c tlw I~I:~SS cnk applied t,o dc~firlc J//l, ca,lltlitla.tes. Tlw t.otal IIIII~IWI 

01 e\wits ,ll 1~llC signal wg,w, IS Lt <. )‘,SO I ‘l;ll<, 111111Il)P1. 01’ .//ii* C~VClll~S alicir Id<groru~Ltl 

sul,trac~t.iotl is I !JS-I!) f 162. 

Using l,llis .//i;l siiuliplr. WC’ Il?l,\T iml.(.II(Yl 1;JI. I /I? tlcmy !;:,(Y.i’) + .//pr+tT-. To 

im~)row tlw III~I~S ~~cwlr~ti~~~~. 1,111~ 1’0111. I,rii~.lis ilw \~>rt,(‘s co~~slrair~d a,~ltl 111~: (limw~i 

lnass ii silll~llt~n,ll(~i,lisl~~ cutlslraiil<,(l 1,~ Lli~: \vo1lcl i1!‘i’~;1gC’ .//I:, lrlass. (~:otI~lI)iira.tiolls 

whew t,lle x2 of I Ilis lil, cor~~~:s~m~~ds 1,~ it ~~oil(id~~l~~c Iev(,I 01’ ICSS tl~itl~ 1% ilw wjcrkd 

Combinalo .’ I 4, ‘. I tc TIC q,~vu~itl is lurt11~~ I~CYI~ICC~ by rc(luil.illg tha,l thr two pio~rs 1iai.c: a,,* 

iil\wiant 1rms5 0 r ICSS I~lh?lIl WI M(~/I/(~’ ) a~lltl wc[“il~illg tliat tllc lP(2,‘) lla~vl? 1’7’ > :3.0 

(:eV/c. I’igurv 2 shows 1,11(’ illvili.iaull 1l1in5 tlistril~ut~iot~ of 111~ .//,$T+T- collll~)illa,tiotls. 

‘I’hc ,$/,(‘L,i’) ca~utlitla~tw aw tk~lilld as all i,lr~~ colnl,illa.tiolls ha,\Gllg a, ~na,s’i wilhin 120 

MrV/c’ of tile wwltl a\wq~ i/l(S) i11mi5, ia illtlicakd 114’ t,lhe R~I’OWS 011 t,l~w figures. 

\Yr sC:aLI.cII for 13 111cso1is ill lhv follmvillg (.IIR,IIIII.~S: 

II+ i 

II+ i 
I~? i 

/I+ --i 
/P --i 

Ijo -+ 

IP i 

I?’ --t 

,1/q. /i+ 

J/,+ /i’( SW)+ 

,l/,( 2.Y) /if 

I:‘(‘).‘;) f\-(w)+ 

.I J,~fi /iz 

.//i/9 /i* (SW)” 

l/j 2.5) /i,y 

t:q’L.q /i*($)qo 

-4 /“+/i-/i+ 

i /“+/I,- /;$T+ 

- /‘+/I-“+K-/;+ 

i fl+/‘-“+K-h’,;TT+ 

- p+/‘- /;,; 

i {I,+/‘-/\+“- 

-4 p+,‘-7r+“-f;,; 

--I /“+/‘-K+K-li+T- 

To insilw t.llnl t,lbe tl~~;-i,y Imilll. 01’ 1,lh~ II IIIC~JII is \i.dl ~~i~~i~si~wd. tli~‘ I’ollo\villg qua,lity 

cut3 arr ilppliwl lo all 1~~~~1~5 115(~1 ill tll~, I.c,c.ollsl,~llc.li~)lI or 1.11~ 13 ii~esm: I) 1Cacl1 track 

must wllt~aiil at, Ir; \s,, ‘L (!‘I>(~’ ..‘.,,I ; cl\Icl \U,N I dJ< I\ Cd< 1 0 1, I,< 1 lllilSl Ila.vC at, kast. r, hit :.I. iI., ,. .I [ >, ., 

IayerY. 2) Ilacl1 I~l.ild< IlIllSl wllt~aill a,,. Icast, 2 (!‘~I’(’ t ‘, 5 c (‘0 supwlaycn oil~~ll of ivllich 



must have at lci~st, 2 llit hycrs. 3) l~hc11 t,rii~cl; IIIIIS~, Ibe recouslructed in the SVX 

with hits 011 at lcm51~ 2 0111 ol’4 possil~lc hycrs. For tracks with only 2 SVX hits, the 

contril~utiou of 1.11~: S\IN I~ils l,o t,llc: l.racl; 1 ’ nlust 1x2 kss th S. R.equiren~t:r~l. 3 is 

not imposed on t,llc t~ri~cks u’i(:d lo rccol~sl ruct 1C.t c:rndidn~tcs since the deca!; point of 

the 1;:. m?Ly Iw outside tire S\!X outer I~iKliUS. ‘l’llcw 1C.t. caliditla~tes a.re sclectetl by 

requiring two oppositely cll;r,rgc: tracks (assumed lo Ix’ pious) with inipxk parameters 

wit,11 respect to t,lle prilllary wrkx 0T a,t Iwst 2 m, whrre 0 is the qua,drat~ic sum 

of the measurement error w tile ilnpxt pri’an~elc~r aud the size of the Ixwn slmt. 

Figure 3 sI10ws Ilw iuuwiaut LIIIISS dist.l,ibutioll or tlwsc 7r 7r * r coml,illatiolls after a, 

vertex cor~stra,iwtl fil a.21d al’t~er requiring t,lle ilnlxd para~~l~+r with respect t,o t,lie 

J/,$ vertex lx: less tllell 0.2 ~111. (lotrll,illiit.iolls wit11 a UEW IIWE than 20 Mc-\‘/c,’ 

Front thv world avc~i~gr I<,; 5llil.s~ il.w wjvcl~id. 

I(ecolrsL~ucl,iol1 01’ 111~ I~$ c.;ultlitla.t~s ~)wr~~ds i/l the s:ullc ma~nner a.5 t,llc: i,(Zi’). 

A .I/$ 01’ r)(L),?) c.sllt~litlat~~ is wrtlhiliml wit,11 a 1rac.1~ (~SSLIIII(Y~ t,o lx: a, A’*), wil,l~ 

a. l\‘.G cv~ditla,l.(*. < wi(,ll I Iv0 ol)lm5il,cly ~ll;i~rgrtl t~ri~rl;s (a~sslln~~d to Ix’ a A’* and it 

6) fornlitlg a /i’(S!E)” (.;m(li~lir,t(~ 01’ will1 a A’,: ~~a~lltlitlil~k~ plus a track (a..w~i*~ctl to 

lx a T*) l’onnillg a, K*(SW)* c.~~~r~tlidnt,c~. ‘l’lr~ J/t<‘, ~IIICI &~(25’) call(litl;r~e arc ITEM 

COI1Stl.aillC’d ?Uld all tracks (cwcpl 1,lw A’.; dC!c.AJ~ pr”‘l”c.ts) a.re wrl~es colIstri1~inctl. 

If the colnbiilatioil 01’ l.ru.lts ~IICIII(IOS ii I<,! tautlididc, a SKOII~ fit, is ~wd lo verks 

and mass collst.t~ilili 11~ I\‘: tlccilg ~~w~l~~cl~s. E:a~cl~ \wl.c-.x lit is required t,o have a, \’ 

which co~.~~spot~ds 1.0 a, u~l~lidclhc-c: 1~~~~1 01’ Iwl~tcr t,l~al~ I %. (loml,)itla.tiolls wlwre lhr 

f<*(SW) i~mss is 11,ore tl~iw SO Mr\‘/c” ~‘HIIII 111~ \~uL.III i~vwage n~ius arr rcjcctccl. 

Finid Iiinwi~i~lic. ~(11.5 I’ol- 111(, 1.(,(.01151,1.11(.lio1~1 or I,ll(’ /I* atId B” have I,~WII o~Jt,iillizvtl 

to give the snlallwl sliil.isticd 01’ror UII 111~ I~a~cl~gw~~~~tl suhtra~ctecl 13 nIcs011 sigllals. 

For this optinlizalioll, a .\Iot~k (~btt~lo iiilluliil.iolb was 11scd t.0 1110dd i.lle iigna.l conii~~g 

f’rolll n 111?5011 decays. I)iil;r in tl~w sidcl~~wds 01’ l.lk: iil\xl.iant 111iw clistril~u~ions 

were IISCCI to dctrnliilw 111~ II~~~I~~I~ or II;~CI;~I~CJUIICI c~~~cnls. ‘1’11~ oplilnicidion was 

tlor1e sq~al~at~cly ror WCII (.llilll d. lblll, t,1ic fill al (~111,s aw 110(, st.rongly tleca~y-n~lotlc 

tlelm~tl~xlt.. For iinlplicil,y: we liit~w cl10wI1 lo us 1.11~ sanw wlcclioll crikria for all 

cl~a~n~wl~ py.( /I) > (,.(I (:e\~‘/r ~IICI p,‘(K) > I :25 (:e\‘/c. Hew pr(K) is 111~ t~rarsvcrse 

mol~llclrllllll OS t,I11: I~(~~~~,IlSl.I~II(~I~(~(I I\ l ? /C’(SX). or /i,y c;lntlitla~Lr. No 117’ cut,s are placed 

011 lhc itldivi(luid I~t~i~~cks 115~‘~ I IO r~‘c~Jllst.l~ll~‘l t1w I< <IWiLy. 

‘l’lw r~x:oi~st Irucl.ioll dvs(.riI)(‘(I i~lio\.(’ II~~IS IW(~II iil)l>li(d 1,~) all possil~l~~ Iril(,k WIIIII~- 

na,tiotls, thus nlli~!viI~(: l,llc siull(’ ,/if;, 1,~ Ix: ~(d icic, IIIOI’C’ Lllil~n oli(’ I:3 cantlitl;ll,e. Since 

sucl~ dupli~:al,~~ (~VC:III.S ~0~1~1 I)iils l,li(: lil’c,l,iInv 1nc’a,s~1rc,111~‘111., tllcy II~I,W IWCII rerr~oved 

a,s follows. h\Jc: coIIsidcI. ail ca~~tlitla~lc~ lilwliug tllr a,l~ovc: cuts antI wilh t,ot,al 117a’is 

witllin &I120 hlc\‘/c,’ 01 (,lI(’ \~VWld ilwr;rg:ll 13 ,,,iss. l,‘OI~ C’\~Clllts \\~llW<~ I I10 sa,,,e ,//$ 

is used wit11 111orc t.ll;uI 011e (.ollll,)itlill,io11 ol’ a~tlditiotd tr;lc~lts, w: l;wp only the call(li- 

tlatc wit.li the Iligllcsl~ (~011~idvl1~~ Iwvl ol)l~;l~itlcd Front 1,11v \” cd the vc~t~s-~olisl,~a.inctl 

fit. For we~~ts wllcw 1;11v r~luplic~~~tc (~a~~tlitla~les ilriw Iroll lhe iunl~iguity 01’ tlw mass 

assigllnwnl for ~,IIc Iwo I ri~(.lis Ibrnlitlg 11~3 /i-(is!l:!)“. t,ll(’ two calitlitlat~es will hve 

itlclltica~l WYL~CY ii. 1lwi. iw’ Ike(y) OIIIJ~ l~lli. ca.u~litli~k with l.he Iin or ?;A’ LIIR,SS as- 

sigulnent, cdos~~5t~ to tllv \wt.ld ;I.YC~~‘;~I~C’ ii’( i~~iw. I’1-I(, PffKL of t~ll(: clu]hca~tP 

removc11 is to d~~~c~~wx~ 1.11~ 11w111x,r 01’ (~vv1115 i/l tlw ~x:i~l~ wgi01~1 by N IO’%, 

Racicgrou~~d ill tll(- Ij I~K’.SUI, inv;rt~i;rllt~ III~SS ~listt.il)~lbioll,s C:OIIWS Trw~l collll,illa,l.iolis 



of J/$‘s with t,ra,cl;s pwtlucctl during I IIP I)-quuk f~,a~t~~rtltat,io~~ or witll O~;IIVL. rema- 

nenk of the I@ collision. Suds tracks sl~~ould r~~:ot~slr~~~t~ t,o llie prilmry uwtw. Thus 

the lxdgrountl k largest. for we~lls wl~ew the tlwa~y diskwce is small. rlll,l~ougl~ the 

fit, t,o t.he B meson lifct,irnw will USC data. with all propw t.imcs, a. good estimate of 

the slatistical power of tile data can Ix ol,~ta~i~lctl by studying the IINI~IXY of signal 

events in the siunple with proper decay length grcakr lhm 100 pm. Figures 4a a,ntl 

5a show the inwwia.nt mas distril,utions all I3* and B” cu~tliclates. Figures 41) and 

512 show the sa33c tlist.ril,uliotls once llle 100 pLn rquiwmcnt is a,pplied. The cut on 

pl‘oper time L’e,ll”~(‘s a gwtl fl~actioll uf 111(1 I,a~c~lcgl~orllltl. 

We tldulc t,llv Ii 1110wu sigliid wgiotl I,0 Ibe 11~10s~~ c’vults witll i~~variant ~na’is withill 

HO MeV/c’ or I I ! I( \VOLId a\Y’q~! n lll~‘S”11 Illass. ~i~lvl~~~cl regiolls, used t,o dderlrlitlc 

the shqw of IIIC I~&cl<gwulltl llildcr l,ll(. ,11.%ss pciikl iw tlciirletl to lmve irlvariatlt, ~nies 

tMmeen GO autl 1’0 Me\‘/c’ fro1n Ill? Ivurld ;,vwq&c 13 I~l,&SY. These sidclxmtls hi~ve 

lmm chasm to cxclutlc 1,lw wgiw~s \vl~~w I3 + QK.Y events arc l<inelna,t iwlly allo\\wl. 

The trclllliC~r!~~ LIWI 1.u Ill~‘i,~SIIW tiw 13 + a,t1d /P lif<~~l~ilneS is Silllil~U to tl1;rt IISC!d lo 

mea~suw tll(, a~vwagc I lifctilllc- [?I. 1~01~ each N ca~nditlal~~~. the two tlimensionnl dec;t,y 

dislkulce I,,., is ~:aicillidctl. l,>,, is l,liv i)~.o,jcctioll of 11~1~ vector .f poirltiilg from the 

prinlary to 11~1~ ~~~co~~tlw!; \~~~ic’s 0111,o 1,111, l~ra~t~slcr~r 111on1(>11111ti1 of ~,IIc~ I3 cantlitlalc: 

+ - 
I,,., f ,;I;;;: 

‘1’he ~“.illlary \‘(‘rtrx posil,ioll is ;r,])])L”Zi~i~i~l,(.ll I)\; 1,llv Ilae’i~ul bcillll poiitio11, clelern~illetl 

run-by-rull using SVX itlfol,lrlatiotl ~II(I avwaging O\Y’I’ ll1any events. The t,ra,nsverse 

profile of the lx?illll is Cil~Clllill. illld IM il,ll I’,,,s 01 - 40 pn1. Sine-e the n>orllmt,rllll of 

the 13 il,CSOll is li1lO\Vil, l,ll? ,~L’O,>Cl’ dw1,y lellgth CT ciw lb? Clct~Cwllillrtl: 

(‘7 = / 
:lI)g 

- ,“” 
pp 

‘IXe lifvlillw of l,li(. /l* d11d I?’ i~w oI)I~iliI~(d I)y I)~,rfonliilqg sttpuxt~~ ulll~illlld maxi- 

mu111 lilic~lil~wil lib t,o 111<, (‘7 (lisl.uil,ilt iuils of tll~t c~ll;rrgd 1illd neutrid evx:111, sa~ul~l~:s. 

For well sau~ple~ 1t1v signal iuld sitlclmid tlistl~il)llt,ions xv fit siillulta~ll~~ou~ly. t)ur- 

ing this lit tll(, 11u111l:w of Imclqq0~~11tl v\:cv1ts ill lli~ pcd; wgioll is coll~t.ra,inml I,0 Ihe 

equal, wilhitl l’oissmi flurI~ual ioll‘i. to 1.11~ 11111111)(:1.ofi,i.r~l~tts in ~,III* Iwrrnalizvd sitlclxu~tl 

ttisl,ribut,iolls. ‘I’IN! lit, is I”~f0inxYl IIIIdCX 111(! fClllowirlg assumpt~ions: 

l ‘The siglla,l wgioli wlrl.aitls ImLli signal (*~CII(S (i,v, rral 13 tIIm011s correct~ly re- 

~0~~st~~~~ktl j il,lld i)d~gt~~~~~~d (‘\~C’ills. ‘I’llI> ,,1’0,>(11’ 1ill~lCS ol 111~~ signal e\‘elll~s 

rwv tlist~l~ihuwtl dcwdillg to ail ~xlm~~~~~~tinl fut1(~lio11 col~volr~t~~tl with a Gaus- 

iall resolul,ioll fmclioll. ‘Lilly’ slolw of 111~ (~slmlvlll.ial (A) is t,llcT lifd,inle to bc 

~~w~~~sur~xl. ‘1’11~ Gmssiall i.~:solul~iol~ is tk~l~rrlliiiwtl for wcli vwt~t. fr01r1 the ~,lc-a- 

sure11~:111 c:~ror 011 /..,.,v. ‘I’he lil. lmriu~~etrr 0 gi\:(as t,lw fractiorl of sippill weuts 

in the pdi lcgiou ivllile i\c gives ljlio ~II.LIII~WI~ of sigual eve111s. 

l tbd;grountl (~vwwts iI/ tllc siglml regioti llii~\~ l,lic salllc rr tlistril~ut.ioll as tllc 

ewnts ill t,llc> sideliillld wgiotl. 7’11(~ l~ro~wr till~vs of l,lw lx~cligrouutl and sidelmnd 



t’al~il~lllcl~~l Fit I~CSlllLS 

c’twgccl 1’1 j Neutral li 

x = CT [/lUl’] -1SS + G3 / 462 : * Gi 

ci [ ‘%I] $1 * :1 I’s f 2 
,!k’ 
.I’- 

pp”“] 75 + IO Gl f Y 
6zt .I IIt 1 

x- :3s i I5 1:34 f 87 

::I t6 
[,L:C] 

151 .; * It 50 2 SG 10 f 2 

It 13 

Liktime do = 7*/r” = l~.OG * 0.20 ! 
I 

‘1:hk I: Results of the Fits t,o the u* a,~~tl B” Lifetime. 

evcilti arc tlisl.~il,ulwl a~f:coditlg 10 l,llc tile su111 0C II, Ga~sim wsolrktion lu1icl~i011 

and two ~rxpo~~wi~i;~l lails. wc al~o\:(~ tlic (.l;mssiall alad 01w below, WCII with it 

ctiKweo1 slo]~*. ‘I’liir futlcl,ioliid i’orm or l~tlc Ih~lcgro~~ntl is itlcnt~ical t.0 thal used 

in I~c~~K~II~c~ [L)]. ‘I’lli, fil, t~aran~~~l~~~~s J+ ‘Uld J’- ill’? t,lw frac.tion ol’ I,acl~gmrlntl 

events ill tli(: posili\.(~-sitlc aI14 Il(,ga,t,i\lc~sitl(~ f,stmwntials. wlbile A+ iuld X- are 

1tw ~xtm~~~~~~ii~l slotws. 

Figure (ia and I) sl10\\: t,ll(* dis1~rljuLiult iI1 (‘7 or 1.1~’ sigtlal and sidelmnd qi011s respcc- 

tidy for idl /I* ciuIdidil~tf:s. l’igrlw 7;) ~IIICI 1) slmn 1 IIV simw tlisl,ribut~iolls for Itrv B”. 

l’lle cunw shwv ttw wsult~s 01’ I,/Ic Iltil~sillllllrl lili~~~lil~oo~l tit, 1,~) lli(: tla,ta. ‘1’11~ msult,s 

ol’ t~tlesc fits arc! also sllllllllill.ind ill ‘1:11)11, 1. ‘1’11~ liil~cd liiclilllf:s are: 

Tf = I.G:l i 0.21 ,ps 

TO = I ..%I i 0.” ,I5 

where t,ltw quolctl crwrs iiw aw slatist~ic~al ouly, l)ui. include curwlaliolls lxtweeli Ihe 

fit p”~r”“l’~t~ew 

Est,illlal.cs ol 111~: svslcllmlic ut~cert;ri~~ily 011 tile lili%ilne Il~l(‘a,Slll‘elll(!llt,S a.re listed 

iu T&k 2. I’ossil)lr hias il~l 1,lw lil’vt,illw ~~lt!i~~iill’(‘Ili(~l~t,s dw to residual nlimligrmient, 

l.t~iggc~r Ibias imd rtw\~(‘11~‘111, or 1,11(’ Ix:;i~~l-st~~~t~ \villlill a sillgltr mn ilw tlwi\wt ill t.lle 

same ~r~a~n~lc’r iw i’or 1111~. it~icluiivv I)-lii~~l~~oi~ lirid ~IIIC, III(~,;~s~cI.~,IIIC’III. [2] at~d arc: ‘it112111 

when co~i~~t~~~rcd (,o 111~ sl.al.islica~l illl~l’l.l:l.itlli(‘s 011 1,lw lifctinws of tlle U+ mtl Ho. 

tr;iIlw the resull or 1.11~ Iliiixilnultl lili~~/ilwod lit (lq)~v~(ls 011 111~ tlrcil~y-length C~L’OI 

calculaktl kx CCI(.II cwt~t~, in< Ila~v~~ vill.ivd (.IICW C>I’I’O~S I)!, i(ll ovc~~all SC.:IIC~ Cactor antI 

studid t,llc* wsull. of Ihis varia,t,iolI 011 ~,IIP fitl,ctl lii;,~l,it~~e. This intducw a IO ~I’JI’ 

urlcert.ailit,y ill 111~~ t,~‘otxv dvc;~,y Ictlgt~ll. tJrotib slutlks usitlg rurnt, sa~~~~~lcs gc~nerakd 

with a Mollk: C!a,rlo I,c(:lllli(tll(‘. 11:~ t>t;r~n* tll(’ 5yshilill~ic ulicvrtaint,y d11c Lo Ihia~ses ill 

ltic fitl,illg j~r0c~~l111~~~ al, 5 ,IIII, 

The targest~ syshllil~l~ic. ullwldililll~y 011 lliis II~~~;IS~I~~!III(,II~, wri~cs Croni 1 h(: pKwnce 

da srllall ILulillx’r 01’(~cv~711~5 ill 111~~ tmsiliw li1’(~liItl(~ Iails or LIIV siddmlld tlisl~il,,IIi,ioll~. 

TllesC: rvriit,s il,r(’ 1101, ivvll 111o~l~~l~~~i I)y 0uI I~ii~rlipwi~l~~l sllilt)t, (Claussia,ll lplus tmsiti\‘e 



[ Source 

I Residual Misalir~~ii~~!~~l \, 
Trigger 13ia,s 

Ueam Sta~l,ilily 

Uncertaillty ill CT I~~~solulio~~ 

Possible Bias ill 111~ Fit l’rocetln~ 

Uncertail~1.y ill Sidehutl Sl~ape 

I TothI 

‘I’a,l)l(,: 2: Sulllma,ry 01’ Sgstelliatic~ Illlccrta~inties 

;mtl rwga~ltiw g:“irlg (,\;l)otli,lil,iilli). ‘1’11~ ~~slimi~l~d roll1 rhtltioli of such c,\~-t~l,s to the 

c7 distril)ul.ioll ill 1,11e, sig:lla I wgioil is :$.,5 iw~~ts ill t,llr. /I* .’ ‘- crls< dlld 1.5 rvc!llls ill 

the LI” ci,,w. ‘I’0 (lvh~rilrill(~ [II<, Ibias 111~31: tails ro~dcl iIIIroduce. wc’ Ilave fit Like 

IirfAirlle using a,11 ~~S~~I~CIIIP 1110dvl 01’ I.hc I~iltlqyur~tl sl~ap~. \,Vv add t,o Iltc ba,tlvgt~r~~~tl 

pa,ran~lc,tr~~i~.a,livll a lla,t c~ol11lw~w~11 in 111~ ralqy 0 < 0 < II.2 ~111. ‘I’iw ilo~lr~a,lizal,ioll 

Of t,llis Ila,t. CollI~~u~~~~~~l ii alloi~~d lo !jaI’y ill l~lic lit,. For 1,11c ,N+ c’a.w, 111~ Iilplilhoo(l fit 

plaws 3%~ of 111~’ m~cills ill Lllv llat Imc:lig~.~~~~~~l tlisl,ril)ulioll. ‘I’lic I,‘+ lifel,illbe cl~a.i+ys 

froni 4SS pII1 I,0 .I:10 /(In. For 1,111, 13” raw. t lhr lilx~lilwod lit pla.ces 1% 01’ l,lle events 

ii1 the fht I~~i~rl~g~~o~i~~d tlistril)ul~ioll. ‘1’11~~ il” lilc~lirtw cha~i~~gw I’WI~I 46’L /(III to -141, 

ptn. IIhwd 011 1 IICW r~~sulls. iw ~sl,i~llal~~ ih systwllill.i<~ tiiIl(wta~inty 01’ .45 1,171 011 i,ll~r 

U* lil’dillle alad 2.5 plr) 011 11~? /I” lil;~vl,itm,. \\‘IICII cillCuld~tiq (he ullccrl~a,illly 011 tllc: 

lifeetilrle mitio, wc a,ssulrlC’ I Id I~llesv Ictl~.(!~l.aillti(‘y 011 I tow diargetl antI ncut.ral lik(:atinlr,s 

are IIIICOl.l.(.lil~l ml. 

111 cmclusiotl, w IM\Y- III~~I~~III~~YI 1~11~ li~vlii~w 01’ 1.11~ U+ CUld 13” IllC.SO,,S 1lSillg: 

a sa,Jriple of fully ~c,c,ollst,l.uclotl 13 tII(3uIi tlec;~ys ill a, vwiety of ~110cles containitlg a 

.I/,$ --t ,’ ,t + - ill 1,11c dt~;~y clliCu. We Iill 

T* = I.Kl f 0.21 (SkIl) i 0.16 (zys) 1,s 

T’J = l.r,4 f U.‘:! (shit) i u.10 (sys) ,I” 

T*/T’J zz I .O(i f 0.2lJ [sl;l~l j i 0. I:! (sys) 

The ~llcasui’~!lll~~‘ll, ~)~rs~~i~l~d is Ixis‘i(~l 011 - I~/:! 01 I II? &&I~ cuIwltly c~ollcctetl I.,) 

CDF. 

\Vc tlulllc 1,llc (,‘l)l’ t~dllli(.;ll 511~1~~01~1~ st,i\K id all (‘l)l’ ilistillli,iorls i;jr lllcil. ll;~rd 

work a,lltl tltdic;rt,ioll. \,\“c> ill50 t,llil,lll; lllv Fwlililalj I\cc(~lcrator IIivisiul~ for tljeii 

l1a.d a~lld SuCc~Cisf’rll ,: ,I, hw , 111 ~olrllilissiollilig tlw III~M:~I~~K~ for l,llis physics ruu. This 

WOrli Was ~Lll)l~O~t~~d I)y 1,llP I)(~.l)ill.t,lll(llll, ol’ IlliCl.gy; l~llc Nilliolcd Science IJorlllda,l,ioi~; 

tlw Mituto N;rzior~al~~ di I:isi(,a. NIIC,IC,~IY:. Ilal.ij.; 1,11~: .\liliistry of Sciruw, Clultule, 

alltl E:tlrlcalioll 01 .Ja1)ai1: t I)(. .\[;1tII1~al Si~iimic~ci iln(l l,;llginwrilrg I(cw:a~~cl~~ (loljl~cjl of 

(la~ilada; 1tnd lllv A. I’. SIoaII I.‘ollll(lil~l ioIl. 
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I’igurc: I: ‘1’11~ itI\.ill.iilIII, li8ass ~lislril~ulio~i CJ~ /I+/I- pilirs. ‘1’1~ two ~I~OILY a~‘0 rcquirc-d 

to lx rccor~st.r~~~~tccl ill 111~ S\:‘.X ~III(I 10 c011w 1’ro111 a w~ux~w ~~~~tc~s. ‘1’1~: iwows, 

placctl at, ztso m\r/ .z c dt~~i~ld llw w~~rltl awriqy .I/(> limsci. illt1ic;lt.v Illr- ~~ia,ss cuts 

applied to dvlitl~ LIIP .//I/, si~~t~~pl~~. 
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l$uw 3: Tlhi~ i~~~wi~iilI~I~ ~rii~is disl ril)lil iot1 of all 7r+rm jmirs t11at i’ornl Ii’,; c~ii,~itlitli~t,cs. 

T1 u2 quiultily sl~on~~~ ii 111~ iir iniss lllitlus 1, ic 1~ ii’or,lcl-it\.(.li~g(’ /I’,: mi~ss. ‘I‘l~lC ~Wl‘O\\‘S, 

placed AL *Xl h,lv\‘/r” illtlic.alt, Illr class cuts ilppliml I;0 tlcli~w 111~ lCL! sa~~~l)le. 
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CCF srelimincry 
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I;‘igurc ~1: ‘1’11~ iI1vill.iall llti~~~ disi i.il~ill iwi 1’01, illI ~-~,(~ot~sl~~~~~t,(,tl 13* n1w011.s. Tllf? 
qrmnt~ity 5110~~~ is LIIc, III(~~ISLIW~ ~l~ilsii Illillll5 ill<’ \Wl~ld a.vera,gC 1~3-l~llesol~l ,1li,SS 

(5.2iS6 Ck?\‘/c’). a) /III (~\-<~~llt.s passitlg LIK: sc~l~~lio~~ tlc~scrilml in tlrc: tml.. lb) 7’1~ 

subsrt of C!VCII~~.S with 1.11~~ jp101x’r dr~,ay ic~~glli C’T > 100 /c,,,t. III ti1(2 fit lo i,lae lifctilll(~, 

t,llr peak wgioll is tl*~lil~d as 11~ 6 (~v~ll~al hills. ‘,/I > ,,’ I /I :[ .~, .’ I( \I( c ~ri,,~ ,~g,lOll\ <,I( cc ,,I< c <,\ ; , ~1 .r :~ , ,. 

t.lw 6 Idtmosl and t,lw ti rigl~lt.lnusl hills. 
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CDF preliminary 
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Figuw 5: TIIC illvalCa~llt, III~ISS disl~iril,rlt io11 for alI r~~w~~sl~ructctl 13” II~ICSOI~S. The 

quarltily ~IWWII is 1.11~ II~~~~~LS~IW~ III~~SS tl~lilllls I Ii<’ worl~l avwagtr IS 111cs0n mass 

(5.mx CleV/c’~). a) i\ll c’vc’vl~s I)ilssilr g I Iw s(:h’cI iot1 dcxrilwtl in llrc: Wst II) ?‘IIc 

sulnet of ovwlk will1 t,lw p1~0~~~~1 dcc.;~!. Ict~g(l~ CT > IUU /u?l. 111 the lit, to l;lic lifet,inle, 

t.llc peal; rcgiou is dcfillvtl ie 1,lw (i c(,t~l~i.al Ijills. ‘1’11~~ sidhilld rqjot~s arc tldi~~~rtl as 

the (j Icl‘t~nlosI illad 1~1~~ (i Iri,elll.llrvst~ bills. 
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Figure 6: Fit of liw u tli~;l.t,ibut,iotls 0 r all i.mmlrrl~tt!tI B* 11125013s. Tlw 3 cuI’ves 

superilnposetl 011 t~lw c:T clisl tril,ut,ioll 01’ tlic> jpmlc i,cgioll ~~v~~III,s (shom~~ 011 t,op) are Lllc 

c:o~~l.~il~~~tio~~s 1’1.0111 l,lw sippill. 1.11~ I~;rcl;~~~~~~~i~tl. :IIILI IIlc,ir 5~1~11, as del,crnlilicd Irons 11~ 

lilic~lilhd fil d~~~sct~ilwd ill I lit, I.c~xl. ‘1’111: ck~,‘vv s~~~)(:~.itiil)o~(~~l 0~1 11~ CT disLI~il.~ulioll of 

Ihe sitl(!l,alltl <~V(!Ill.S (~IIOWII tl~i ldt0ltij is 1.11~ I.I~UII, UC ~,IICL S~~II~C! iit. 
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Fi‘iguw 7: I:it 01 thcr c: T tlist~~il~ul~iolls d alI t~c~o~isl~~i~cl.(~(l II” mwms. The 3 CIII‘VC’S 
sul”,~inll)““(‘(l mi 111~ cr disl rihulioll 01 ~IIY p’rdc rc:giun cvc-1115 (sl10iv11 011 top) ~,re the 
contril~illioils ~1.0111 t,l~Ic, sipId, 111c I~;~rl~gro~~l~(l, allcl tllvil, su111., iu cletcrrnilletl fror11 (,Ile 
lilu~lil~~ootl ii1 rl~wrilwtl ill 111f> Ic’ct. ‘1’11~ c’ut’\r? stlt,(,t.illll)os(,(I 011 t,lw C:T tlisl.riljllt,iorl of 
t,hc sidclmlld ~~\~~~1115 (il10w11 on lml~l0111) i5 111~ rc51111 01’ 1 III, ialrlc lit. 


